We show experimentally that highly localized excitations in planar plasmonic metamaterials drive spatially-coherent, directional, threshold-free light emission, providing a platform for the development of a new generation of nanoscale light sources. We report on the experimental demonstration of a fundamentally new nanostructural radiation phenomenon: In 'coherent' metamaterials, where interactions among meta-molecules are strong, the localized excitation of a single meta-molecule can generate a synchronized, in-phase response across a large number of meta-molecules, leading to threshold-free emission of spatially coherent light (Fig. 1a) . Free-electron and tightly-focused optical excitations are found to drive resonant emission from planar plasmonic metamaterials over meta-molecule ensembles many times larger than the energy injection spot. The emission is linked to the collective mode underpinning the metamaterial absorption resonance and displays a collapse in linewidth as the number of emitting meta-molecules increases. 
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We show experimentally that highly localized excitations in planar plasmonic metamaterials drive spatially-coherent, directional, threshold-free light emission, providing a platform for the development of a new generation of nanoscale light sources. We report on the experimental demonstration of a fundamentally new nanostructural radiation phenomenon: In 'coherent' metamaterials, where interactions among meta-molecules are strong, the localized excitation of a single meta-molecule can generate a synchronized, in-phase response across a large number of meta-molecules, leading to threshold-free emission of spatially coherent light (Fig. 1a) . Free-electron and tightly-focused optical excitations are found to drive resonant emission from planar plasmonic metamaterials over meta-molecule ensembles many times larger than the energy injection spot. The emission is linked to the collective mode underpinning the metamaterial absorption resonance and displays a collapse in linewidth as the number of emitting meta-molecules increases. In a laser, coherence is derived from the bosonic statistics of photons, the resonant properties of the laser cavity and the collective nature of stimulated emission in the gain medium, and a threshold level of input energy is required to maintain the gain and overcome losses. However, in an optical source constructed on the basis of a collectively oscillating optical nano-antenna (metamaterial) array it is provided not by the feed (as in conventional microwave antenna arrays) but via the strong mutual interactions among the nano-antennas.
Our experiments employ coherent metamaterial arrays of asymmetrically spit rings (ASRs) with Fano-like collective plasmonic modes manufactured by focused ion beam milling in 50 nm thick gold films. Electron-induced light emission spectra were recorded in a scanning electron microscope equipped with achromatic reflective lightcollection optics and a spectrometer with a liquid nitrogen-cooled CCD array detector. These reveal a correlation between the spectral positions of electron-induced light emission peaks and meta-molecule cell size (Fig. 1b) , directly linking metamaterial emission to the collective mode underpinning the metamaterials' plasmonic absorption resonance.
Emission directionality was studied by projecting the light radiated by samples onto the CCD. These measurements clearly demonstrate that in contrast to the total broadband emission of unstructured gold, metamaterial emission at the plasmon resonance wavelength is highly directional (Figs. 1c, d) . The low divergence of the resonant metamaterial emission results from its spatially coherent nature across a large number of metamolecules and is strongly indicative of the collective nature of the underlying excitation mode.
It is known that the width of the absorption peak in a finite ASR metamaterial array collapses with increasing array size (a behavior reflective of the collective, coherent nature of the plasmonic mode behind the resonant absorption) and experiments reveal a corresponding collapse in the emission linewidth as the number of contributing meta-molecules increases (Fig. 1e) .
A complementary study of optically-pumped (photo-luminescent) emission from the same type of metamaterial further demonstrates that a highly localized input (400 nm laser light focused to a spot with a e -1 diameter of 350 nm, ~1.5 unit cell widths) can generate a collective oscillation among many meta-molecules and drive resonant photo-luminescent emission over a much larger area than the excitation spot. Indeed, at the plasmonic resonance an emission spot diameter as big as ~1100 nm was observed (Fig. 2) .
Collective oscillations in planar plasmonic metamaterials may be driven by optical, electronic, plasmonic or electron-beam inputs and as such offer a generic platform for the development of new kinds of scalable, thresholdfree, spatially coherent light sources. 
